Polycrystalline samples of ternary rare earth germanides R 2 Co 3 Ge 5 (R = La, Ce and Pr) have been prepared and investigated by means of magnetic susceptibility, isothermal magnetization, electrical resistivity and specific heat measurements. All these compounds crystallize in orthorhombic 
Introduction
Cerium and praseodymium based intermettalics are well known for their diverse physical properties and have been investigated by many research groups. The ground state of the cerium compounds is determined by the relative strength of Ruderman-Kittel-KasuyaYosida (RKKY) and Kondo interactions. While Kondo effect has a tendency to lead to a nonmagnetic ground state, RKKY interaction tries to establish long range magnetic order.
The two characteristic energy scales associated with these interactions are Kondo temperature T K ∼ exp(−1/ | JN(E F ) |)) and T RKKY ∼| JN(E F ) | 2 where J is the coupling constant and N(E F ) is the density of states at the Fermi level. Competition between the RKKY interaction and Kondo effect is best described by the well known Doniach phase diagram [1] .
Exotic phenomena like heavy fermion behaviour, non-Fermi liquid behaviour and quantum criticality are observed in the regime where these two characteristic energy scales become comparable. Magnetic order is observed in the regime where RKKY interaction dominates over the Kondo effect, whereas nonmagnetic valence fluctuating behaviour is observed in Kondo interaction dominant regime. Since in valence fluctuating systems the valence of rare earth ions keeps on fluctuating between 4f n and 4f n−1 states, the physical properties of such systems get significantly modified. Valence fluctuation in Ce-based compounds is of special interest and has been observed in many systems, such as CePd 3 [2] , CeNiIn [3] , CeRhIn [4] and CeNi 4 B [5] . In contrast, the physical properties of Pr-compounds are strongly influenced by crystal field effect. The nine fold degenerate ground states of Pr (J = 4) split into a combination of CEF-split states. An interesting consequence of the crystal filed effect is the realization of excitonic mass enhancement leading to heavy fermion behavior as in PrOs 4 Sb 12 [6, 7] and PrRh 2 B 2 C [8] .
Ternary compounds R 2 T 3 X 5 (where R = Ce and Pr, T = Transition metal and X = Si and Ge) having orthorhombic U an evacuated quartz tube and annealed at 1000 0 C for a week to improve the phase purity.
Crystal structure and phase purity were checked by Cu K α X-ray diffractometer. To check the composition and homogeneity we used scanning electron microscope (SEM) equipped with energy dispersive X-ray analysis (EDAX). We used a commercial superconducting quantum interference device (SQUID) magnetometer for magnetization measurement. Specific heat was measured using the relaxation method in a physical properties measurement system (PPMS-Quantum Design). The electrical resistivity was measured by the standard ac four-probe techniques using the AC -transport measurement option of the PPMS.
Results and discussions
The powder X-ray diffraction data and scanning electron microscope (SEM) images reveal the single phase nature of R 2 Co 3 Ge 5 (R = La, Ce, Pr) samples. They crystallize in U 2 Co 3 Si 5 -type orthorhombic structure (space group Ibam) with lattice parameters and unit cell volumes as shown in Table I . The EDAX analysis confirmed the desired stoichiometry of 2:3:5 for all these compounds. The impurity phase(s) are estimated to be less than 5 % in The magnetic susceptibility data of Ce 2 Co 3 Ge 5 exhibit paramagnetic behaviour down to 2 K. The inverse magnetic susceptibility χ −1 (T ) of Ce 2 Co 3 Ge 5 deviates significantly from the expected Curie-Weiss behaviour below 140 K (Fig. 1) ; such a shape of inverse susceptibility curve is typical for valence fluctuating Ce-compounds. A reasonable fit is obtained for susceptibility data to the modified Curie-Weiss behavior, Hirst [24, 25] and latter Sales and Wohlleben applied it to explain the valence fluctuating susceptibility behaviour observed in few Yb systems [26] . In ICF model the observed physical quantity is calculated by taking average over the two ionic configurations 4f n and 4f n−1 which compete for stability. Following Sales and Wohlleben [26] , and Franze et al. [27] , the modified ICF susceptibility is given by 
where ν(T ) is the fractional occupation of ground state, µ n and µ n−1 are the effective moments in 4f n and 4f n−1 states, and (2J n + 1) and (2J n−1 + 1) are the degeneracies of the corresponding energy states E n and E n−1 , interconfigurational excitation energy In order to take care of the contribution from the stable Ce 3+ ions which may be present as impurity in Ce 2 Co 3 Ge 5 , we add a term χ imp = χ 0 + nC /(T-θ) to the magnetic susceptibility and get Specific heat of Pr 2 Co 3 Ge 5 does not show any pronounced anomaly down to 2 K excluding the existence of magnetic or superconducting transition. However, a broad Schottky type anomaly is seen near 10 K which is more clear in the magnetic contribution to the specific heat C mag (T ) of Pr 2 Co 3 Ge 5 ( Fig. 5 ) which we obtained after subtracting the lattice contribution from the specific heat of Pr 2 Co 3 Ge 5 assuming it to be roughly equal to that of non magnetic analog La 2 Co 3 Ge 5 . The experimentally observed C mag data could be reproduced reasonably with three level crystal electric field scheme. Schottky contribution to the specific heat from three low lying crystal field levels is given by
where ∆ i are the splitting energies with respect to ground state, and g i are the corresponding degeneracy of the levels. Solid line in Fig. 5 represents the fit to this expression with the splitting energies ∆ 1 = 22 K and ∆ 2 = 73 K, and g 0 = 1, g 1 = 1 and g 2 = 2, i.e., Pr 2 Co 3 Ge 5 has a singlet ground state separated from a singlet first excited state by 22 K and a doublet second excited state at 73 K. That the ground state is a singlet lying below a singlet excited state at 22 K is further supported by the temperature dependence of magnetic entropy which attains a value of Rln(2) at 17 K. Presence of crystal field effect makes it difficult to estimate the value of Sommerfeld coefficient γ precisely for Pr 2 Co 3 Ge 5 . However, at 2 K C/T has a value of 57 mJ/Pr mole K 2 ; an extrapolation of C/T vs. T 2 plot below 5 K gives a rough estimate of γ ∼ 20 mJ/Pr mole K 2 .
Summary and conclusions
We have synthesized and investigated the magnetic and transport properties of two new 
